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INTRODUCTION

We report initial results of aineralogical and oxy-
gen isotopic study of aet ofchondrules physically sepa-
rated from Chainpur (LL3) and Parnallee (LL3). By
combining chondrulesize, bulk major elemerdcomposi-
tions, mineral compositionsind bulk oxygen isotopic
compositions, we aim to provide some constraints on the

isotopic exchange and chemical fractionation processes

involved in chondrule formation.

TECHNIQUES

Twenty five randomly selected chondrules were separated

from Chainpur (Natural History Museum no. BM1915, 86) by
gentle crushing and use of a scalpel.
split. Where possible, aliquots were set aside for oxygen

isotope analysis and the remaining material was made into
Fifteen chondrules were separated from

polished blocks.
Parnallee in a similar way (Natural History Museum sample
no. BM34792).
WDS. Bulk compositions aothe chondrules were deter-
mined using a Cameca SX50DS system on a grid pat-
tern of at least 8@ocused spotsvith a 50um spacing.
Oxygen isotopi@nalyses were made on 0.1-1.62mg frag-
ments of some chondrules using a method outlined previ-
ously [1].

RESULTS

Mineralogy: Of the 40 chondrules, 12 apsrphy-
ritic olivine-pyroxene (pop), 9 radiating pyroxe(rg), 6
porphyritic pyroxendpp) and 5 barred olivine (bo), with
the remainder being other textural types. ©hendrule
contains both bo and pp areas. Tmeportions of tex-
tural types in both meteoriteare similar to those ob-
served in a survey of chondrules from ordinary chondrites
[2]. Parnallee appears to have a higher proportion of
larger chondrules than Chainpur, with size ranges of 1.5-
7mm and 1-5mm respectively.

The olivine (Fe1.95 in Parnallee, Fg.92 in Chainpur)
and low-Ca pyroxene (Eda.06 in Parnallee, En.gs in
Chainpur) compositionaretypical of UOCs. Thirteen of
the total 40 chondrules contasiome plagioclase of Ag
or greater.

Chondrule compositions: Correlation coefficients

Each chondrule was

Samples were analysed using EDS and

for instance, concentrated togetherany common con-
stituent of chondrules.
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Fig. 1. 100Mg/(Mg+Fgy)) atomic ratiovs chondrule
diameter. Best fit line y=76+1.4x (r=0.32).

There appears to be a weak correlation between the
Mg/(Mg+Feget)) atomic ratios ofthe whole chondrules
and their diameters (Fig. 1). This isreflection of the
generally higher Rgt) contents in the smaller chondrules.
This correlation does not appear to be present in the larg-
est macrochondrules.

Oxygen isotopes: The oxygenisotopic compositions
of the Chainpur chondrulesetypical of those from OCs
(Fig. 2). Takertogether, the chondruld® on aregres-
sion line of slope 0.88. There is no clear link between the
mineralogy ofthe chondrules antheir oxygen isotopic
compositions.  For instance two chondrules consisting
mainly of pyroxene, with lesser amounts of mesostasis, lie
at opposite ends of the field @fotopic compositions.
The different texturatypes scatter throughotie field.
Similarly, the mineralcompositional parameters do not
correlate with isotopic composition. The chondrule di-
ameters (noted beside the points on Fig. 2)hdwever,
suggest thereay be dink betweenisotopic composition
and chondrule size. The largest four (3-5diameter) of

were calculated between the major elements using thosethis set ofchondrules fall at the lightet?O-rich end of

Chainpur and Parnallee chondrules (&) which bulk
compositions were available. The chondrudes consid-

ered together because no matter which chondrule classifi-

cations were useelg porphyritic, non-porphyritietc. the
same element groupings are evident.

Correlations significant at the 0.95 level a#rtainty
were used. The clearegtoup isCa, Al, Ti and Mg.
Another two groupsire Fe, Mn and Si, K, (Na), Mn, Cr.
The lack of a significant correlation between Fe and Ni
reflects the metal-depleted mineral assemblages within
most chondrules. There is no simple, direct mineralogical
control onthese element groupings. Mg and akk not,

the field.

DISCUSSION

The Chainpur chondrules’ mixinine on Fig. 2 de-
viatesfrom the mixingline of slope 0.7{CRIL) defined
for a broad range of chondrulaad clasts in OCs [3, 4].
This indicates that the line of slope 0.77 represents an
average mixindine. Theremayhave been multiple oxy-
gen isotopic reservoirs, at ameéar, extensions at either
end of the CRIL mixing line.
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Fig. 2. Oxygen isotopic compositiorsnd chondrule di-
ameters (mm). Best fit line y=-1.1+0.88x (r=0.92).

There is evidencéhat framework minerals - such as
silica polymorphs orfeldspar - in chondrules and clasts
facilitate gas/solid exchange [3]. Howevthis effect is
probably onlynoticeable where th@roportion of such
minerals is high€.g.>30 vol.%). This can explain the
apparent lack of mineralogical control tre oxygen iso-
topic compositions afhe Chainpur chondrules. @odel
involving gas-solidoxygenisotopic exchange istill fa-
voured over one in which gas-liquid exchange is the
dominant mechanism [5]. This is becauke highest

An alternative explanation has been proposed by
Dodd [9] and Alexander [10]who demonstratedhat
sometrends of bulk chondruleompositions -similar to
those listedabove - could be formed through random
picking of the major chondrule phaseise( olivine, low-

Ca pyroxene, high-Ca pyroxene, glassetal). This re-
cycling model, implies that pre-existinghondrules or
rocks/regolith were the major constituentlater-formed
chondrules. Furthermore, it has been suggestadthe
positive correlation between Mg and Abuld be ex-
plained by evaporative loss of Fe during chondrule for-
mation [11]. The tentativenk between Chainpur chon-
drule sizes and theiMg/(Mg+Fewt)) ratios provides
some support for éink between chondrule size and Fe
gain/loss effects. This correlationay not be present in
the largest, macrochondrules (efjcm diameter).

CONCLUSIONS

An important control on botlthe oxygen isotopic
compositionsand bulk chemicalcompositions of LL3
chondrules appears to ligeir size. These tentative con-
clusions need to be tested by the gatherinmaoife data
but smaller chondrules ihL-chondrites €.9. approxi-
mately <2mmdiameter) seem to have mot&O-poor
compositionghan larger chondrules. Smaller chondrules
studied heremay also have experienced more Fe-gain,
leading to lower bulk Mg/(Mg+FRgy) atomic ratios. This
supports models for chondrule formation whiclvolve
both therecycling and remelting of chondritic material
within an open system, witharyingdegrees of elemental
exchanged.g.0, Fe, alkalis) with surrounding media.

degree of isotopic exchange between a gas and a quuidREFERENCES

might be expected toccur inthose chondrules (barred
olivine) which were held longest at above-liquidus tem-
peratures. There is no eviderfoe such an effeceither

in the limitedamount of data presented here or in other
work.

The smaller Chainpur chondrules - which have the
more ®0-poor compositions may have exchanged to a
high degree with ar® O-poor gas compared the larger
chondrules.
facilitated by the high surface area/volume ratio of
smaller chondrules. This daitg, however, in contrast to
that obtainedrom the H-chondrites Dhajala (H3.8) and
Weston (H4), where chondrules29Qum in diameter
were considered to have mdfeD-rich compositions [4].
One possibile explanatidior this is the presence of iso-
lated *® O-rich olivine grains in chondrites [6]. Another
possibility is thatchondrules from H-chondritesunlike
those from LL-chondrites - exchangedth an *® O-rich
rather thart® O-poor gas reservoir.

The chemical groupings withithe chondrule bulk
compositionsare similar to those identified bgther
workers [7] The grouping of refractoriithophiles (Ca-
Al-Ti-Mg in this work) is difficult to interpret. Models in

Such a high degree of exchange would be
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which the compositional groups were regarded as nebular
condensates have largely been superseded [8]. The con-
densate model requires that chondrules formed in a closed
system without, folinstance, exchange of volatiles with
the surrounding medium. This in turn requires that chon-
drules formed at <100%C - a temperature that is now
generally regarded as too low.



